Interleukin (IL)-17 pathway is being clinically targeted in immune-mediated diseases, most of which are associated with a significant cardiovascular risk. We investigated the relationship between serum levels of IL-17 and the risk of cardiovascular events in patients with acute myocardial infarction.
Introduction
Atherosclerosis is a complex disease of the arterial wall initiated in response to a variety of pro-atherogenic stimuli, among which modified lipids play an important role. 1, 2 The latter induce innate and adaptive immune responses with both deleterious and protective components. A breakdown in this balance leads to uncontrolled disease progression and precipitates severe complications. 3, 4 The current understanding is that the deleterious component of the adaptive immune response is driven by T helper type 1 (Th1)-related mediators, mainly interferon (IFN)-g, which play central roles in promoting vascular inflammation, artery wall remodelling, and plaque progression. 3, 4 The protective component is still poorly understood. However, several studies have shown that three cytokines, interleukin (IL)-5, IL-10, and transforming growth factor (TGF)-b, play critical counter-regulatory roles in atherosclerosis. 3,5 -11 Recently, a new lineage of CD4 + T cells, called Th17, has been identified and characterized. 12 The Th17 subset is driven by specific transcription factors and produces IL-17A (hereafter referred to as IL-17), IL-17F, IL-21, IL-6, and IL-22. 12 The discovery of Th17 lineage has revived a great interest in the potential roles of IL-17 in health and disease. 13 Several studies have shown a nonredundant role for IL-17 in the clearance of specific pathogens that are not adequately controlled by Th1 or Th2 immunity, particularly extracellular bacteria and fungi. 12 Beyond this role in host defence, several researchers have implicated Th17 cells and cytokines in the pathophysiology of immune-mediated diseases, such as rheumatoid arthritis, psoriasis, colitis, or asthma, 12, 13 even though definite proof of a pathogenic role is still lacking in humans.
On the basis of these data, several investigators hypothesized a deleterious role for IL-17 in atherosclerosis. Their results showed that IL-17 was expressed in human coronary and symptomatic carotid atherosclerotic lesions 14 -17 and reported enhanced production of pro-inflammatory mediators by vascular smooth muscle cells in response to IL-17, with or without help from IFN-g. 15, 18 Other experimental data showed elevated expression of IL-17 at the early stages of lesion development compared with non-atherosclerotic animals, 19 and reported reduction in the atherosclerosis burden 20,21 -23 or inflammation 24 or reduction of ischaemia/reperfusion injury 25 after inhibition of IL-17 signalling.
However, another set of data suggests a regulatory role for IL-17 in atherosclerosis. We have recently shown that mice with T cells deficient for suppressor of cytokine signalling (SOCS)3 displayed elevated levels of IL-17, associated with the reduced atherosclerotic lesion size. 26 The systemic blockade of IL-17 signalling abrogated atheroprotection and promoted vascular inflammation. 26 The results were related to the role of IL-17 in the regulation of endothelial vascular cell adhesion molecule (VCAM)-1 and to the control of both Th1 and Th2 responses. In addition, we found that an elevated expression of IL-17 in human carotid lesions was associated with signs of plaque stability. 26 Another group recently reported accelerated progression of atherosclerosis in IL17A-deficient mice, which was prevented after supplementation with recombinant IL-17A. 27 Overall, the relevance of IL-17 to human atherosclerosis remains poorly defined, and more importantly, its relevance to cardiovascular outcomes remains unexplored. This is an important issue given the current clinical testing of inhibitors of IL-17 signalling in immune-mediated diseases associated with a high cardiovascular risk. Therefore, the aim of the present study was to evaluate the relationship between circulating IL-17 levels and cardiovascular events, a composite of all-cause death and non-fatal myocardial infarction (MI), in patients who suffered from acute MI. In addition, since IL-17 has been shown to regulate VCAM-1 expression in mice, 26 we examined the role of IL-17 in mononuclear cell adhesion to endothelial cells and explored the relationship between IL-17, VCAM-1 measured at acute stage and cardiovascular events at 2 years.
Methods

Study population
The population and methods of the French registry of Acute ST-elevation and non-ST-elevation Myocardial Infarction (FAST-MI) have been described in detail in previous publications. 28, 29 Briefly, all patients ≥18 years of age were included in the registry if they had elevated serum markers of myocardial necrosis higher than twice the upper limit of normal for creatine kinase, creatine kinase-MB, or elevated troponins, and either symptoms compatible with acute MI and/ or electrocardiographic changes on at least two contiguous leads with pathologic Q waves (≥0.04 s) and/or persisting ST-elevation or depression .0.1 mV. The time from symptom onset to intensive care unit admission had to be ,48 h. Patients were managed according to usual practice; treatment was not affected by participation in the registry. Of the 374 centres in France that treated patients with acute MI at that time, 223 (60%) participated in the registry. Among these, 100 centres recruited 1029 patients who contributed to a serum bank. Their baseline characteristics were comparable with the overall population of the registry. Written informed consent was provided by each patient. More than 99% of patients were Caucasians. The follow-up was collected through contacts with the patients' physicians, the patients themselves, or their family, and registry offices of their birthplace. The two-year follow-up was .98% complete. The outcome events were assessed blinded to the results of IL17, IL6, and sVCAM1 measurements. The study was reviewed by the Committee for the Protection of Human Subjects in Biomedical Research of Saint Antoine University Hospital and the data file was declared to the Commission Nationale Informatique et Liberté.
Blood sampling and measurements
Blood samples used for this study were recovered at the time of admission to the intensive care unit (,48 h from symptom onset). Blood samples were stored at -808C at the Department of Clinical Pharmacology, University of Pierre et Marie Curie. All samples were identified by number only and were analysed in random order. Serum concentrations of IL-17 were measured using the flow cytomix assay (Bender Med Systems) with a detection limit at 2.5 pg/mL. Soluble VCAM-1 was measured using an ELISA assay (Bender Med Systems). The measurement of C-reactive protein and IL6 levels was also centralized. The limit of detection for sVCAM-1 was 0.6 ng/mL. Among the 1029 patients who contributed to a serum bank, results for IL-17, sVCAM-1, and IL6 levels were obtained for 981, 966, and 962 patients, respectively (missing measures or haemolysis). All measurements were performed in a blinded fashion.
Cell adhesion assay
Human peripheral blood mononuclear cells (PBMCs) were isolated on a PANCOLL gradient (Biotech GmbH). After a washout with PBS, cells were stained with the use of a fluorescent probe (0.5 mM; CellTracker Orange CMTMR; Molecular Probes). Briefly, the cells were incubated with the fluorescent probe during 30 min in RPMI and resuspended in culture medium after a 30 min washout for an adhesion assay. Human umbilical cord endothelial cells (HUVECs) (Pomocell) were plated in 48-well plates and stimulated for 24 h with 10 ng/mL tumour necrosis factor (TNF)-a (R&D Systems) in the absence or in the presence of recombinant IL-17 (R&D Systems) at 10 ng/mL or 100 ng/mL prior to a cell adhesion assay. After washout, fluorescent PBMC cells were made to adhere to HUVECs for 1 h. After two more washouts, adherent cells were fixed in 4% paraformaldehyde and counted in five
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ELISA assay
Human umbilical cord endothelial cells were stimulated with 100 ng/mL of TNF-a in the presence or not of either 10 or 100 ng/mL of recombinant IL-17 during 48 h. Then supernatants were collected for the ELISA assay of sVCAM-1 (Bender Med Systems) and IL-6 (BD Biosciences). The limit of detection for VCAM-1 was 0.6 ng/mL, and the lowest concentration of the standard sample for IL-6 was 4.7 pg/mL. The coefficients of variation of IL-17 and sVCAM-1 were 3.4 and 3.1% for the mean intra-assay and 4.9 and 5.2% for the mean inter-assay, respectively.
Statistical analysis
An outcome event was defined as all-cause death or non-fatal MI during the 2-year follow-up period. The primary endpoint, a composite of all-cause death and non-fatal MI defined as the episode index at inclusion, and was adjudicated by a committee whose members were unaware of patients' medications, and blood measurements. Continuous variables are described as mean + SD and categorical variables as frequencies and percentages. Serum levels of IL-17, C-reactive protein, IL6, and sVCAM were log-transformed to remove positive skewness, before being used as continuous variables. Baseline demographic and clinical characteristics, treatment factors, and therapeutic management during hospitalization were compared as pre-specified among the median range of IL-17 levels using x 2 or Fisher' s exact tests for discrete variables, and by unpaired t-tests, Wilcoxon sign-rank tests for continuous variables. Median level IL-17 and sVCAM1 were based on the distribution of their baseline levels among the entire population. Survival curves according to the median IL17 level and sVCAM1 are estimated using the Kaplan-Meier estimator. We used a multivariable Cox proportional hazards model to assess the independent prognostic value of variables with the primary endpoint during the 2-year followup period. The multivariable model comprised sex, age, previous or current smoking, body mass index, family history of coronary disease, history of hypertension, acute MI, heart failure, renal failure, diabetes, heart rate at admission, Killip class, left ventricular ejection fraction, hospital management (including reperfusion therapy, statins, beta-blockers, clopidogrel, diuretics, digitalis, heparin), and log C-reactive protein levels. The statistical interaction between IL-17 and sVCAM-1 was tested by adding an interaction term with both variables in the Cox model. The results are expressed as hazard ratios for Cox models with 95% confidence intervals (CIs). All statistical tests were two-sided and performed using the SAS software version 9.1. For analysis of the cell adhesion and in vitro cytokines assays, we performed multiple comparisons using ANOVA and the Bonferroni/ Dunn test.
Results
Baseline demographics and clinical presentation
Of the 981 patients enrolled, 176 patients (18%) died or had an MI during the 2-year follow-up period. Patients who died or had an MI during the follow-up were older (75 + 12 vs. 64 + 13 years) with a higher proportion of females (43 vs. 27%), than those without an outcome event (see Supplementary material online, Table S1 ). However as shown in Table 1 , the baseline characteristics of patients according to the median of IL-17 levels did not differ with the exception of a higher rate of previous or current smokers in those with baseline IL-17 levels ,6.26 pg/mL (58 vs. 
Interleukin-17 and clinical outcomes at 2 years
The probability of outcome events as a function of the baseline IL-17 level is presented in Figure 1 . At 2 years, event rates for death and MI was higher in patients with IL-17 levels ,6.26 pg/ mL (21%) compared with those with levels above the median (15%). The corresponding hazard ratio for event rates was 1.44 (95% CI ¼ 1.07-1.95) (P ¼ 0.02). After adjustment for known cardiovascular risk factors, C-reactive protein, and treatments including statins, low IL-17 levels remained an independent correlate of the risk of death or MI, HR 1.40 (1.03-1.91) (P ¼ 0.03). The adjusted HRs of death and recurrent MI associated with an increase of 1 pg/mL of IL-17 were 0.88 (0.79-0.99; P ¼ 0.03), and 1.20 (1.05 to 1.37) for an increase of 1 pg/mL of IL-6, P ¼ 0.007. We also tested for trend over tertiles of IL-17 and IL-6 to examine the association over a wider range of IL-17 and IL-6 levels. Compared with tertile 1, chosen as a reference, adjusted HRs were 0.66 (0.45-0.96) and 0.68 (0.47-0.99) for tertile 2 and tertile 3, respectively, for IL-17 (P ¼ 0.03). The Cochran-Armitage trend test was significant (P ¼ 0.021). Similarly, the adjusted HRs for tertiles 2 and 3 of IL6 were 1.09 (0.68-1.75) and 1.60 (1.04-2.45), respectively, compared with tertile 1 (P ¼ 0.04).
The results were consistent with similar trends when examining separately the risk of death or MI, for IL17 and IL6, although statistical significance was not achieved due to fewer events.
Soluble vascular cell adhesion molecule-1 and clinical outcomes at 2 years Circulating levels of interleukin-17 and cardiovascular (Figure 2 ). There was no statistically significant interaction between IL-17 and sVCAM-1 (P ¼ 0.15).
Interleukin-17 reduces adherence of mononuclear cells and endothelial soluble vascular cell adhesion molecule-1 production
In the light of these results and our previous finding that the IL-17 protective role in a mouse model of atherosclerosis was associated with reduced endothelial sVCAM-1 expression, we tested the hypothesis that IL-17 modulates human mononuclear cell adhesion on endothelial cells. We observed a significant reduction in PBMC adhesion to TNFa-activated HUVECs in the presence of IL-17, which was associated with a significant reduction in sVCAM-1 expression (Supplementary material online, Figure) . As a control, IL-17 enhanced IL-6 production in the same supernatants (Supplementary material online, Figure) .
Discussion
The major finding of this study is that elevated levels of IL-17 are associated with a better outcome in patients with acute MI, supporting a protective regulatory role of IL-17 in coronary heart disease. Moreover, the highest risk of death and recurrent MI was observed in patients with low levels of IL-17 and high levels of sVCAM-1, suggesting an important modulatory role of IL-17 on vascular inflammation. Only a few studies have previously reported measurements of circulating IL-17 levels in patients with coronary heart disease. The first published investigations, performed in populations with ,26 Chinese patients, suggested increased levels of IL-17 and Th17 subset in patients with coronary artery disease, more particularly in patients with acute coronary syndromes. 30, 31 However, these results were not replicated in Caucasians. 15, 32 Eid et al. 15 found no difference in IL-17 levels between patients with coronary artery disease (n ¼ 108) and referent outpatients without a diagnosis of coronary atherosclerosis (n ¼ 59). In addition, IL-17 levels did not differ between patients with stable and those with unstable coronary syndromes. 15 Our present results are in agreement with those of Eid et al. in that the median levels of IL-17 that we detect in a Caucasian population are far below the levels reported in Chinese patients. This issue would merit further investigation. Importantly, the previous clinical studies have generated assumption about the role of IL-17 in coronary artery disease but none had assessed the relationship between IL-17 levels and cardiovascular outcomes. Our study is the first to tackle this issue and shows that the detection of elevated levels of IL-17 in patients with acute MI is associated with a better cardiovascular outcome, i.e. reduced mortality and recurrent MI after 1 year of the followup. Thus, the currently held dogma that IL-17 promotes coronary artery disease requires reconsideration.
Some experimental studies have proposed a pro-atherogenic role of IL-17 in atherosclerosis. 20 -23 However, as discussed recently, 26 the evidence for the efficient and sustained blockade of IL-17 signalling was relatively weak in some of the previous work. Our experimental studies led us to different conclusions. We found that mice with increased IL-17 expression displayed significantly smaller atherosclerotic lesions, and the protection was abrogated after IL-17 neutralization. 26 Moreover, the administration of recombinant IL-17 to Ldlr 2/2 mice significantly inhibited lesion development. 26 This regulatory role of IL-17 in atherosclerosis has also been supported by a recent study showing that IL-17A deficiency enhances lesion development in the Apoe 2/2 model. 27 Interestingly, IL-17 expression in human carotid lesions was associated with a lower macrophage but a higher smooth muscle cell content and a fibrous plaque phenotype, suggesting a role for IL-17 in promoting plaque stability. 26 The atheroprotective role of IL-17 was associated with inhibition of Th1 responses, 26 which is consistent with recent studies showing that IL-17 protects against Th1-mediated diseases like colitis, in part through the modulation of Th1 polarization. 33 The role of IL-17 in the modulation of endothelial cell activation is still poorly understood. In a previous study, we showed a downregulation of mouse endothelial VCAM-1 expression in vitro and in vivo in response to IL-17, in part through the modulation of NF-kB activation. 26 Here, we have extended these findings to human cells and showed that IL-17 inhibits mononuclear cell adherence to preactivated HUVECs in culture. Our results are consistent with other reports showing down-regulation of VCAM-1 expression in other cell types in response to IL-17. 34, 35 Further studies are required to fully delineate the mechanisms by which IL-17 alters endothelial cell activation and mononuclear cell adherence, and to identify the determinants and the cell subsets that produce IL-17 in the setting of acute ischaemic injury. The modulation of VCAM-1 expression by IL-17 prompted us to look at the interaction between IL-17 and VCAM-1 in vivo with relation to cardiovascular outcomes. Previous studies have reported independent association between circulating levels of sVCAM-1 and future cardiovascular outcomes, particularly in patients with Circulating levels of interleukin-17 and cardiovascular stable coronary artery disease, 36 and in patients with diabetes. 37 Such association could not be established in apparently healthy individuals. 38 -41 In acute ischaemic settings, sVCAM-1 levels show sustained elevation for up to 6 months following the index event. 42 However, the prognostic value of elevated sVCAM-1 levels in patients with acute coronary syndromes remains relatively unexplored. Only very small studies that included a majority of patients with unstable angina have been published in this setting with contrasting conclusions. 43 -45 Our present study is the largest one to report on the relationship between sVCAM-1 levels and cardiovascular outcomes in patients with acute MI. The results clearly show that elevated levels of sVCAM-1 at the time of admission for acute MI are associated with a 2.6-fold increase in the risk of death and recurrent MI during the first year of the follow-up. Interestingly, IL-17 levels were associated with outcome events in these patients, the worst prognosis being for patients with both high sVCAM-1 and low IL-17 levels. These findings are consistent with the modulatory role of IL-17 on endothelial VCAM-1 expression and adhesion of mononuclear cells, and suggest an important role for IL-17 in the control of atherosclerosis-related vascular inflammation. It is important to note that in the same study sample, we found that IL-6 (known to induce IL-17 and vice versa) was associated with the worse outcome. This emphasizes the complexity of the system and the need for targeting very specific pathways to ensure both efficacy and safety. It should be noted that blood sampling for the measurement of IL-17 and sVCAM-1 was performed at the time of admission to the intensive care unit before or concomitantly with the onset of treatment, ,48 h after symptom onset. Cytokine levels may fluctuate during the first 48 h after acute MI. However, the available data indicate that IL-17 levels are not increased in patients with acute coronary syndromes compared with chronic stable patients, 15 suggesting no major fluctuations during the acute setting. In addition, we believe that fluctuations in IL-17 levels, if any, might have reduced the probability of detecting a significant association between IL-17 and cardiovascular events. Another limitation is the observational nature of this registry-type study, which does not allow a cause -effect demonstration. However, it should be noted that the study was a prospective nationwide registry that closely represents everyday up-to-date current clinical practice. The monitoring of the data by clinical research assistants, the multivariable analyses, the centralized measurement of the biomarkers, blinded to the phenotype data including outcomes, limit, although they do not preclude, the risk of bias.
In conclusion, we show that low levels of IL-17 are independently associated with 1-year mortality and recurrent MI in a Caucasian population of patients admitted for acute MI. These results need confirmation in larger studies and in different patient populations. However, we believe that they may have immediate clinical implications. Clinical trials are currently investigating the efficacy of therapeutic strategies aimed at the inhibition of IL-17 pathway in different clinical settings, including diseases associated with a high cardiovascular risk. Although our study did not assess the direct relationship inhibition of IL17 and cardiovascular events, our findings suggest that patients included in trials using IL17 inhibitors, particularly those with identifiable cardiovascular risk factors, may be at potentially higher risk of serious cardiovascular events and should therefore be closely monitored. In this regard, it is noteworthy that major adverse cardiovascular events have been reported in psoriatic patients assigned to Ustekinumab 46 or Briakinumab, two blockers of IL-12 and IL-23 that reduce both Th1 and Th17 pathways, which was not the case for patients assigned to placebo or treated with etanercept, an inhibitor of tumour necrosis factor-a.
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